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Leverage,  return, volatility and contagion: Evidence from the 
portfolio framework 
 
 
 
Abstract 
 
When regulating the financial system, the volatility phenomenon seems to emerge, 
practically, as a phenomenon which is intrinsic to the capital market behaviour. Theoretically, 
the leverage of the firms appears to be a major determinant of the volatility of prices and 
returns. At the same time, the leverage has also got a role at both levels: the capital structure 
of the firm and the investors’ strategy.  We examine the return and volatility in relation to 
leverage by considering different sized portfolios constructed based on the firm’s level of debt 
and taken from a panel of 320 firms distributed over eight European countries and classified 
by their level of debt and their size. The optimal portfolio weights are computed for each 
quarter by maximizing the value of Sharpe ratio. We analyze the return, the volatility and the 
Value at Risk (VaR) based on different investors’ strategies with a view to taking into account 
the capital structure and the level of the debt of the firms.  Our findings tend to indicate that in 
the case of two separate equity funds (low debt and high debt), the optimal portfolio is 
obtained for a weight with high low debt fund.  Overall, the leverage seems to have a big role  
for the portfolio return, volatility and value at risk (VaR).  The high leverage is indicative of 
having a big role in making worse the portfolio return and volatility under shocks. Finally, we 
explore the value of systematic risk in the case of several portfolio strategies based on high 
and low debt in regard to the benchmark index (the MSCI Europe index). The presence of 
these effects is further explored through the response of the model's variables to market-wide 
return and volatility shocks.  
 
 
Keywords: Volatility, leverage, contagion, Mean Variance Efficient Frontier, Wavelet Time–
frequency analysis 
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1. Introduction 
 
 
Investors have been seeking greater returns while minimizing risk. They may accept to bear 
more risk in exchange of higher returns that can be earned (Fischer, 1991). Since the investors 
are tempted to add any stock to their portfolio whose future returns are high, it is important to 
consider the leverage factor as the latter may affect the level of risk besides return.  The level 
of debt (leverage) of a firm can play a significant role in decision-making for optimal 
allocation of resources within the portfolio management framework and market mechanism 
that can operate in a more efficient allocation of financial resources. 
This study attempts to analyze the impact of the leverage on the portfolio behavior in terms of 
return and volatility in the European stock market. 
To do so, we are using tools such Sharpe ratio, Capital Market line (CML) and Value at Risk 
(VaR) and Portfolio optimization based mean variance efficient frontier (MVEF) to elucidate 
the leverage effect on the portfolios return. 
The rest of this paper is organized as follows. Section 2 presents the literature review. In 
section 3, we present the Optimal portfolio, the Capital Market Line (CML), the portfolio 
optimization based Sharpe ratio in general and in the case of two assets and and highlight how 
to compute its systematic risk. We also define the portfolio evaluation and the European 
portfolio construction used in this study. In section 4, we analyze the sensitivity in terms of 
returns and volatility of the proposed portfolio policies to changes in the leverage (Low debt 
versus high debt). In section 5, we compare the different policies related to the portfolio 
evaluation. Section 6 concludes. 
 
 
2. Literature review 
 
When regulating the financial system, the volatility phenomenon seems to emerge, 
practically, as a phenomenon which is intrinsic to the capital market behaviour. Theoretically, 
the leverage of the firms appears to be a major determinant of the volatility of prices and 
returns. Investors are interested in maximizing the return and minimizing the risk of their 
portfolios by finding the best optimal-weighted portfolio. Therefore, they have to hold a 
portfolio on the mean-variance efficient frontier, which was first defined by Markowitz 
(1952). In this paper we aim to analyze the impact of leverage on volatility of different equity 
portfolios taken from eight European countries.  To do so, we consider, low and high debt  
firms and the combined portfolios.  
[4] 
 
Polasek and Pojarliev (2008) have compared the performance of different strategies with the 
MSCI (Europe index as benchmark) using VAR-GARCH model for European countries. 
They also support their analysis by using cumulative return, the Sharpe ratio, the geometric 
mean, the Success rate, etc.. 
They conclude that the multivariate volatility timing strategies outperform the benchmark 
index and even a small country can be used to contribute to a better overall portfolio return. 
 
3. Methodology and data collection 
 
3.1 Optimal portfolio for the Investor 
 
The optimal-weighted and equal-weighted portfolios are constructed on a daily basis, where 
the allowed VaR is set at a confidence level of 5%  for each portfolio. 
When the factors change (i.e - oil prices go up, or growth goes down), the sensitivities of 
stocks may be affected by it. This is called Active Factor Risk. 
Active Specific Risk has to do with the particular stocks you have picked to be in your 
portfolio. Their subsequent performance and volatility directly affect your portfolio.  
Two types of risk should be taken into account by a portfolio manager having a number of 
stocks in its equity fund which are exposed to macro and micro-economic factors: 
1.How does the portfolio’s sensitivity change when the active factors change?  
 
2. How does the portfolio’s return and volatility change when we add or remove the 
individual stocks in the portfolio? (active specific) 
3.2 The Capital Market Line (CML) or Capital asset line (CAL) 
The CAL with the highest Sharpe ratio is the CAL with respect to the tangency portfolio. In 
equilibrium, the market portfolio is the tangency portfolio. 
 
The market portfolio’s CAL is called the Capital Market Line (CML) 
The CML gives the risk-return combinations achieved by forming portfolios from the risk-
free security and the market portfolio. 
Risk-averse investors prefer lower to higher risk for a given level of expected return. Investors 
accept high risk investment only if expected return are greater: 
 
1- Risk neutral: expected return is 16 what ever risk is  ++> CAL Capital Allocation  line 
utility curve is represented by a horizontal line 
 
2- Risk-averse, utility curve   -- vertical  line for the same risk we are getting higher return   
 
for one unit of risk, B is less risk-averse .  the steeper the curve is the more risk averse .. 
[5] 
 
 
U = E(r) - 1/2 * A * Variance  ==>   Higher utility ==> happier investor with high U ==> E(r) 
= 1/2 A sigma 2 + U 
 
The optimal portfolio for the Investor will be the curve with the higher Utility and intersection 
with the CML which is obtained with the maximum of Sharpe ratio. 
 
 
3.3 Sharpe ratio optimization 
 
The Sharpe ratio given as follows: 
SR =  
𝑟𝑖− 𝜎𝑓
𝑟𝑖
   (1) 
 
The optimal portfolio weights are computed for each quarter by maximizing the value of 
Sharpe ratio using the expected return (minus the mean risk- free return) of a portfolio and its 
volatility. In this context the risk-free return refers to the mean of the short term interest rate 
of the eight European countries. Furthermore, transaction costs are supposed to be equal zero 
between trading quarters. The VaR has to be at its maximum and this is also implemented in 
the optimization model. 
 
To be able to use the Shrape ratio, we consider the fact that a risk-free asset is available for 
investment based on the mean of the short term interest rate for the eight European countries. 
 
So, we need to find the weights for a portfolio of minimum variance that has a fixed expected 
return.  The minimum variance is reached at the point with lowest possible variance.  Finding 
the portfolio with the lowest variance for a given expected return will provide the mean-
variance frontier based on the marginal utility obtained at the First Order Condition (FOC) 
used in the Asset Pricing Theory (Back, 2010). 
 
 
3.4 Portfolio optimization in the case of two assets 
 
By using the Lagrangean multiplier, the First Order Condition (FOC) in the case of a portfolio 
of two assets and with minimum variance is given as follows: 
 
𝑤1
∗ =  𝜎2
2 −  𝜎12 / 𝜎1
2 + 𝜎2
2 − 2 𝜎12   (2) 
 
and the diversification principle applying the second derivative from the First Order 
Condition (FOC), then we get:  
 
∂𝜎𝑝2
∂𝑤1
  𝑤1 = 0  =  2 𝜎1𝜎2   ρ12 −   𝜎2/𝜎1   (3) 
 
 
𝑤1 is the weight of the first portfolio, then (1 − 𝑤1) will be the weight of the second portfolio 
in the combination of the two portfolios in one. 
 
– If  ρ
12
< 0  or [ if ρ
12
> 0 but 
𝜎2
𝜎1
> ρ
12
 ], then 
 ∂𝜎𝑝
2
 ∂𝑤1
  𝑤1 = 0 < 0, in this case, we should 
increase 𝑤1(i.e. buying p1). 
[6] 
 
– If If  ρ
12
> 0  but  
𝜎2
𝜎1
< ρ
12
, then 
 ∂𝜎𝑝
2
 ∂𝑤1
  𝑤1 = 0 > 0, so we should decrease  𝑤1(i.e. short-
sell p1). 
 
3.5 Systematic risk for a portfolio with two assets 
 
In general, the systematic risk is given as follows: 
 
β =   
𝑐𝑜𝑣𝑎  𝑟1  ,𝑟𝑚  
𝜎𝑚
2  
   (4) 
 
In the case of two assets, the systematic risk can be expressed as: 
 
 β = 𝜌1𝑚   
𝜎1
𝜎𝑚
  (5) 
3.6. European portfolio construction  
 
In this section we briefly describe the different portfolio strategies we have used for the eight 
European countries (The list of the countries is given in the appendix.). 
For each firm the weights are determined by the following simple formula: 
 
D2TASSETS  =  Total Debts / Total Assets 
 
Portfolios have been classified into three categories (i) low debt (LD), (ii) high debt (HD) and 
(iii) the combined portfolio (LD + HD) based on the debt ratio threshold . This threshold is 
determined   as the ratio of total debt to total assets of the portfolio. It is computed as follows: 
High Debt: HD  (D2TASSETS > 0.33  and  
Low Debt - LD (D2TASSETS  <= 0.33)  
 
The total weights of each portfolio is equal to 1 and determined by the following simple 
formula in which wi,t   is the weight of each firm within the portfolio: 
1 =  Σ wi,t  
 
3.7. Portfolio evaluation 
 
For our analysis, we are using the buy-and-hold portfolio strategy. This will allow us to 
compare the leverage effect between different portfolios. 
 
To be able to compare the results of different portfolio strategies for different quarters, 
different returns and different VaR, we are using the cumulative normalized variables. The 
returns, volatility and VaR of the MSCI Europe index has been taken as benchmark of our 
comparison. 
 
In our portfolio evaluation for the whole studied period we use the following criteria: 
 
[7] 
 
1. The cumulative normalized return based volatility is calculated as the integral function of 
the return related to the volatility. (See Appendix 1).  
 
2. The cumulative normalized volatility (standard deviation) based return is calculated as the 
integral function of the volatility related to the return (See Appendix 1):   
 
3. The cumulative normalized VaR (Value at Risk) based return is calculated as the integral 
function of the volatility related to the return (See Appendix 1). 
 
4. The cumulative normalized VaR (Value at Risk) based volatility is calculated as the 
integral function of the VaR related to the volatility (See Appendix 1). 
 
5. The Sharpe ratio for quarter Q is defined as the expected excess return of the portfolio 
divided by the standard deviation of the portfolio. Using the equation (1), we compute the 
Sharpe ratio as the ratio of the average return and the SD of the returns for the same quarter. 
 
5. The Value At Risk (VaR) measures the maximum potential loss in the value of a portfolio 
over one period of time with a certain level of confidence. Here we take 95% as the level of 
confidence. The minimum VaR of a portfolio is located on the efficient frontier in the y axis 
and the volatility in x axis. 
 
3.8 Data collection for the sample 
The statistics for the return, volatility and the level of debt (D2TA) per country are given 
below: 
 
 
4. Results and discussion 
 
 
In this section we have considered three portfolios: (i) 182 firms as a combined portfolio of 
low and high debt portfolios detailed in (ii) and (iii). (ii) A portfolio of 91 Low Debt firms, 
(iii) A portfolio of 91 high Debt firms. 
Figure 6.a show that during the GFC-2008, the combined 320 firms portfolio of high and low 
debt has very large variations volatility coupled with negative returns compared to the 160 
firms portfolio of low debt for same period ( see Figure 7.a ). This shows that the 
diversification was not helping during the period of GFC-2008 and the low debt is offering 
more protection in terms of volatility. 
 
However, the quarter 3, 2008 (Q6) is showing more dispersion in the low debt portfolio (ii) in 
terms of volatility without offering any noticeable better return than the combined portfolio 
while the high debt portfolio (iii) is giving less volatility than the two previous one. This 
could be explained that outside the period of the GFC-2008, portfolio with high debt could 
offer less volatility than ones with low debt. 
[8] 
 
In most cases in terms of the 20 studied quarters, low debt portfolios are showing less 
dispersion of volatility and outperforming the high debt ones, while the combined portfolio is 
showing less volatility than the two other portfolios. We cannot conclude whether this result 
is due to the low debt effect or to the diversification effect.  Additional analysis should be 
conducted in future studies in order to elucidate this issue.  
 
4.1. Case of Combined portfolios of 182 European firms: 91 Low Debt and 91 High debt 
 
 
Figure 1.a – MVEF for a Portfolio of  91 Low Debt firms Q1 to Q10 
 
Figure 1.b – MVEF for a Portfolio of  91 High Debt firms Q1 to Q10 
[9] 
 
 
Figure 1.c - MVEF for the two combined Portfolios: 91 Low + 91 High Debt firms Q1 to Q10 
 
Figure 1.d –– MVEF for a Portfolio of  91 Low Debt firms Q11 to Q20 
 
Figure 1.e  – MVEF for a Portfolio of  91 High Debt firms Q11 to Q20 
[10] 
 
 
Figure 1.f - MVEF for the two combined Portfolios: 91 Low + 91 High Debt firms Q11 to Q20 
4.1. Sharpe Ratio for individual and combined portfolios of European Firms 
 
Heretofore, we have optimized the weights related of the portfolios uing  the MVEF  without talking 
into account the CML (Capital Market line) based on the risk free rate. Which  is involved  when we 
are to maximizing the Sharpe ratio.  In this section, we report the maximum Sharpe ratio for the 20 
studied quarters of the three strategies with 36 and 91 firms: LD, HD and combined LD+HD equity 
portfolios. 
In this section, we are computing the Sharpe ratio (Sharpe 1966) which measures the return-
to-risk of a portfolio. Specifically, a portfolio the maximum of the Sharpe ratio is represented 
by the intersection between the tangency portfolio on the efficient frontier. To maximize the 
Sharpe ratio portfolio, first we use portopt in Matlab to get the weight, and the risk-return for 
the same portfolio for 30 different distributions of the weights. Then, this allows us to 
compute the Sharpe ratio. Then we determine the maximum among the 30 portfolios. 
 
 
Figure 2.a – Sharpe Ratio  for portfolios of  36 Low debt, 36 High debt & combined 72  European  Firms 
[11] 
 
 
 
Figure 2.b – Sharpe Ratio  for portfolios of  91 Low debt, 91 High debt & combined 182  European  Firms 
 
The figure 2.a shows that the LD portfolio present the best Sharpe ration compared to HD and 
the combined portfolios. It shows also a certain benefit to combine the LD and HD portfolios. 
However, in the case of figure 2.b, the values of Sharpe ratio are very close between the three 
portfolios showing no benefit to combine the LD and HD portfolios because of the existing 
over-diversification ( 91x2 = 182 compared to 36x2 = 72 firms). 
The third point is the fact that there is a structural break, in the Sharpe ratio, happening before 
and after the GFC 2008. The latter seems to be a break point in the economy: a decrease in the 
absolute value of the Sharpe ration has become a permanent phenomenon 18 quarters after the 
crisis. 
 
 
4.2. Sharpe Ratio maximized for the best combination between the low debt portfolio and 
high debt portfolio  
 
In this section we consider the two portfolios as separate funds that could provide efficient 
investment service without any need to buy individual stocks separately. We have only to find 
the best combination between the two portfolios (Low debt and High debt) to the get the best 
return with the minimum volatility. This leads us to fin the maximum value of the Sharpe 
ratio.  
However, two restrictive assumptions should be considered: (i) the Investors care only about 
mean and variance of returns, and (ii) there is a fixed investment horizon (buy and hold).  
 
Table 10 in the Appendix 3 shows that the  ρ
12
< 0 which tends to indicate that the portfolio 
formed as a combination of the LD and HD portfolios is not optimized and we should 
increase the weight of the LD portfolio since the mean weight of the two portfolios in the 
third one are 0.1397 for the LD and 0.8603 for the HD. In this composition the formed 
portfolio of the two is not optimal. We will show in the next section that it is possible to get a 
higher μ for the less volatility by giving more weight to the LD portfolio. 
[12] 
 
It follows that the investors should choose put more weight on portfolio with low debt than 
the one with high debt to maintain higher pair of (μ ,𝜎𝑝). 
From the table above, to obtain the market portfolio, the relative proportion of the low debt 
portfolio should be always higher than the weight of the high debt portfolio regardless of the 
level of the Sharpe ratio values. 
Case of two separate Equity funds:  case of 46 firms and 91 firms 
Table 1: Maximizing the Sharpe Ratio for the combination of two separate funds in one Unified 
portfolio – (46LD+46HD) then – (91LD+91HD) 
 
 
It follows that the investors should choose put more weight on portfolio with low debt than 
the one with high debt to maintain higher pair of (μ ,𝜎𝑝) for the two separate equity funds in 
the case of 46 firms and 91 firms. 
4.3. Minimizing the Value At Risk: VaR 
To be able to compare the VaR, we have chosen two equal sized portfolios based on their 
total assets and computed for the whole analyzed period from quarter 1 until quarter 20. 
 
When we deal with risky assets, it is obvious that not only we have to maximize the Sharpe 
ratio but also we have to minimize the Var especially during bear periods.  
 
In this section, we have computed Value at Risk (VaR) for three kinds of portfolios: LD 
portfolio, HD portfolio and the combined portfolio between the two previous ones. We have 
taken 40 firms (20 LD and 20 HD) from each country. That makes 320 firms gathered from 8 
[13] 
 
European studied countries.  The VaR has been computed based on the volatility (sigma) then 
on the return as well for equal size portfolios of 91 low debt and 91 high debt firms, then for 
the combined portfolio from Q1 to Q20 (from quarter 2008 to quarter 1 2013 ) 
Furthermore, we have added the capital structure of each portfolio and the level of debt (Debt 
over total assets) for each 20 quarters: from quarter 2, 2008 to quarter 1 2013 in order to 
encompass the GFC 2008 period. 
 
4.3.1. Value At Risk in relation to volatility and return for portfolios with 91 Firms 
 
In this section, we report the graphs for Q1 to Q10 and Q11 to Q20 for quasi-equal size 
portfolio of 91 firms low and high deb; then combined portfolio. The quasi-equal size notion 
is based on the total assets of each portfolio. The difference of size of the two portfolios 
should not be beyond 5%. 
 
 
 
 
 
  
for portfolio of   91 Low debt  European  Firms from Q1 to Q10 and  Q11 to Q20 
  
[14] 
 
for portfolio of   91 High debt  European  Firms from Q1 to Q10 and  Q11 to Q20 
 
 
Value At Risk (to sigma) for combined portfolio of  182  Firms from Q11 to Q20 and  Q11 to Q20 
 
4.3.2. Value At Risk in relation to the return and return for portfolios with 91 Firms 
 
 
 
- Equal size portfolio of 91 firms low and high debt for Q1 to Q10 and Q11 to Q20 and the 
combined portfolio of 182 firms. 
 
 
 
Figure 1.b – Value At Risk (to the return) for portfolio of   91 LD Firms from Q1 to Q10 and  Q11 to Q20 
 
 
Figure 1.b – Value At Risk (to the return) for portfolio of   91 HD Firms from Q1 to Q10 and  Q11 to Q20 
[15] 
 
  
Figure 1.b – Value At Risk (to the return) for  combined portfolio from Q1 to Q10 and  Q11 to Q20 
 
 
 
 
 
4.4. Value at Risk for the three portfolios across the 20 analyzed quarters  
 
 
Figure 1.a – Value At Risk for 3 Portfolios: 91 Low debt, 91 High debt & combined 182  European  Firms 
 
 
4.5. Cumulative Volatility, return and risk  
 
Figure XX and Table XX ( Appendix 2) summarize the results according to the above criteria 
defined in section 5 (Portfolio Evaluation). 
 
We compare three schemes of cumulative return: LD, HD and combined (LD+HD) portfolios 
over 20 quarters of evaluation period. The results show that LD and combined portfolio 
(LD+HD) with a large difference both are moving together in the same trend, yield about a 
[16] 
 
maximum of 55% (maximum at quarter 8) more returns than the HD portfolio in the 
evaluation period between Q3 and Q12. This happened just one quarter after the starting time 
of the GFC 2008. Those two portfolios seem to be as good strategies during this period of 
time. 
 
 
 
Figure 1.c Cumulative Normalized Return : 91 Low debt, 91 High debt & combined 182  European  Firm 
 
 
Continuing  
 
 
 
Figure 1.a – Cumulative Normalized Sigma : 91 Low debt, 91 High debt & combined 182  European  Firm 
[17] 
 
 
Figure 1.b – Cumulative VaR based return - 3 portfolios: 91 Low debt, 91 High debt combined 182  E. Firms 
 
 
Figure 1.c Cumulative VaR based Sigm- 3 portfolios: 91 Low debt, 91 High debt & combined 182 E. Firm 
 
4.6. Case of Combined portfolios of 92 European firms: 46 Low Debt and 46 High debt 
 
4.2.3.2 Cumulative Volatility, return and risk  
 
[18] 
 
 
Figure 1.a – Cumulative Normalized Return, Sigma & VaR for combined portfolio of  92 firms (46LD+46HD) 
 
 
 
Figure 1.a – Cumulative Normalized Return, Sigma & VaR for combined portfolio of  46LD firms 
[19] 
 
 
Figure 1.a – Cumulative Normalized Return, Sigma & VaR for combined portfolio of  46HD firms 
 
Figure 1.a – Cumulative Normalized Return, Sigma & VaR for combined portfolio of  92 firms (46LD+46HD) 
 
4.2.3.1 Value At Risk  
 
 Case of Value At Risk in relation to the return 
 
- Equal size portfolio of 46 firms low and high debt for Q1 to Q10 and Q11 to Q20 
 
 
 
- Combined portfolio 92 firms for Q1 to Q10 and Q11 to Q20 
 
[20] 
 
 
Figure 1.a – Value At Risk  (to the return) for combined portfolio of  92   Firms from Q1 to Q10 
 
 
Figure 1.b – Value At Risk (to the return) for combined portfolio of  92  Firms from Q11 to Q20 
 
4.7. Return, Sigma and Value at Risk for a combination of the two portfolios (46LD & 
46LD) as 2 separate funds across the 20 analyzed quarters  
 
 
Figure 1.a – Cumulative Normalized Return, Sigma & VaR for a combination of the two separate funds 46LD&HD 
[21] 
 
6. Conclusions 
 
This paper obtains the optimal portfolio based on two separate equity funds:  low debt and 
high debt. Overall, the leverage seems to have a big role for the portfolio return, volatility and 
value at risk (VaR).  However, high leverage is indicative of having a big role in making 
worse the portfolio return and volatility under shocks. 
 
Nonetheless, in most cases, the low debt portfolios management is quite successful and can 
give less volatility and higher returns with low debt portfolios compared to high debt 
portfolios.  
 
We conclude returns of portfolios related to the high-level debt strategies for European countries can 
be improved considerably if those portfolios are combined with low-level debt strategies, while high-
level debt strategies alone could be detrimental for the performance and volatility. 
 
Further research including more countries may show a better insight into the changing volatility 
structure of the European markets by, for example, extending the studied period of time.  (e.g. using 
dynamic macro-economic models) and by creating sub-levels of debt (Very high level of debt and very 
low level of debt) in order to examine more accurately their effects on volatility and return. 
 
 
Appendix 1 
 
Cumulative normalized 
return VaR based σ VaR based 𝒓𝒊 Volatility   
𝐂𝐍𝐑𝐞𝐭𝐮𝐫𝐧 𝐂𝐍𝐕𝐚𝐑/𝛔 𝐂𝐍𝐕𝐚𝐑/𝐫 𝐂𝐍𝐑𝐞𝐭𝐮𝐫𝐧 
=   𝑟𝑖(
𝑑𝜎𝑖
𝜎𝑚𝑎𝑥 − 𝜎𝑚𝑖𝑛  
) 
1
0
 =   𝑉𝑎𝑅𝑖  (
𝑑𝜎𝑖
𝜎𝑚𝑎𝑥 − 𝜎𝑚𝑖𝑛  
) 
1
0
 =   𝑉𝑎𝑅𝑖  (
𝑑𝑟𝑖
𝑟𝑚𝑎𝑥 − 𝑟𝑚𝑖𝑛  
) 
1
0
 =   𝜎𝑖 (
𝑑𝑟𝑖
𝑟𝑚𝑎𝑥 − 𝑟𝑚𝑖𝑛 
) 
1
0
 
 
 𝜎𝑚𝑎𝑥 −  𝜎𝑚𝑖𝑛   stands for the range of the volatility  𝑟𝑚𝑎𝑥 −  𝑟𝑚𝑖𝑛   stands for the range of the return. 
𝑟𝑖  , VaR and 𝜎𝑖  are the quarterly portfolio returns Value at Risk and volatility 
 
  
[22] 
 
Appendix 2 
 
 
Table 10: FOC’s Derivation for the Combination of the LD & HD portfolios (91 firms each) 
 
 
Appendix 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 11: Maximum Sharpe Ratio, VaR, and corresponding total weight of 
Low and High Debt firms for combined portfolio of 92 firms 
 
[23] 
 
Table of portfolio of 92 firms 
 
Table 12: Cumulative Return, Sigma, VaR (based Return & Sigma) for 
combined portfolio of 92 firms ( 46 Low and 46 High Debt firms) 
 
 
 
Table of portfolio of 46 LD firms and 46 HD firms - Maxi Sharpe Ratio 
 
Table 13: Maximum Sharpe Ratio, VaR for 46 Low and 46 High Debt firms 
 
 
 
 
[24] 
 
Table of portfolio of 46 firms 
 
Table 14: Cumulative Return, Sigma, VaR (based Return & Sigma) for a 
portfolio of 46 Low Debt firms 
 
 
 
 
 
Table 15: Cumulative Return, Sigma, VaR (based Return & Sigma) for a 
combination of the two portfolios (46LD & 46LD) as 2 separate funds 
 
 
  
[25] 
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